Objective: Although children's pain memories have been shown to be a powerful predictor of subsequent pain experiences in acute procedural and experimental pain settings, little is known about the influence of children's and parents' pain memories on children's future pain experiences in other painful contexts. This study used a dyadic approach to examine the roles of children's and parents' memories of pain on their subsequent reporting of postsurgical pain several months after the child underwent a major surgical procedure. Method: The sample included 66 parent-child dyads (M age youth ϭ 14.73 years, SD ϭ 2.01) recruited from 2 tertiary level pediatric hospitals. At baseline, children and parents reported on their catastrophic thinking about the child's pain. Parent and child reports of child pain were collected at approximately 1 month and 5 months postsurgery. At 2-4 months postsurgery, children's and parents' memories for postsurgical pain were assessed. Results: Results revealed that children's, but not parents', pain memories were a strong predictor of subsequent pain experienced at 5 months postsurgery. Children's and parents' memories for pain did not influence each others' subsequent pain reporting. Conclusions: Findings suggest that children's pain memories influence their continued recovery from postsurgical pain and may contribute to pain persistence. Implications for intervention and prevention are discussed.
Memories for pain are postinjury behaviors (as indicated by recall for and avoidance of cues associated with the injury) that some have argued can be reliably observed and that alter future pain responses (Williams, 2016) . Memories for pain are integral in pain assessment and treatment; indeed, some have conceived a goal of pain treatment as involving the extinction of pain memories (Flor, 2012) . Further, it has recently been proposed that this cognitive aspect of pain be incorporated into the definition of pain (Williams & Craig, 2016) , thereby emphasizing its critical importance in the pain experience. Research suggests that pain memories are a potential mechanism underlying the individual experience of pain trajectories and chronicity, with the hippocampus being centrally involved in the transition of pain from an acute to a chronic state (Mutso et al., 2014) . Moreover, pain memories are by nature malleable and reconstructive, particularly in childhood (Jaaniste, Noel, & von Baeyer, 2016) . Therefore, children's pain memories are an underutilized and fruitful intervention target in pain management interventions to reduce distress at future pain events (Chen, Zeltzer, Craske, & Katz, 1999; Marche, Briere, & von Baeyer, 2016; Noel, 2016) .
Although the importance of explicit pain memories lies in their proposed influence on subsequent pain experience (Noel, Chambers, McGrath, Klein, & Stewart, 2012a; Noel, Pavlova, McCallum, & Vinall, 2017; von Baeyer, Marche, Rocha, & Salmon, 2004) , this has not been widely studied in pediatric samples. In children and adolescents (aged 3-18 years) with cancer undergoing lumbar punctures and healthy children (aged 8 -12 years) undergoing experimental (cold pressor) pain, youth who developed negatively estimated memories of pain (i.e., recalled pain greater than initial report) 1-2 weeks later subsequently experienced more distress, pain, and/or fear at reexposure to the same pain stimulus (Chen, Zeltzer, Craske, & Katz, 2000; Noel et al., 2012a) . Moreover, children's memories for experimental pain were found to be more predictive of subsequent pain than the initial experience of pain itself and fully mediated the relationship between initial and subsequent pain reporting (Noel et al., 2012a) . Nevertheless, little is known about the influence of children's pain memories on subsequent pain experiences over longer periods of time and in other painful clinical (i.e., non-needle) contexts such as surgery. Given the high prevalence (King et al., 2011) and debilitating nature of pediatric chronic pain (Palermo, 2000) , and the modest, short-term effects of current psychological treatments (Fisher et al., 2014) , enhanced understanding of modifiable mechanisms, like memory, in the persistence of pain has important implications for intervention and prevention.
Pediatric surgery is a particularly compelling context within which to study children's pain memory development, given that a subgroup of these youth are at risk for experiencing persistence of their postsurgical pain for months and years later (Rabbitts, Zhou, Groenewald, Durkin, & Palermo, 2015; Sieberg et al., 2013) . Therefore, surgery offers a unique context within which to examine the potential role of pain memories in the transition of pain from an acute to a persistent state. To date, only one study has investigated pain memories following pediatric surgery (Noel, Rabbitts, Tai, & Palermo, 2015) . Children and parents who tended to think in more catastrophic ways about child pain prior to surgery went on to develop more distressing memories of pain 2-4 months later (Noel, Rabbitts, et al., 2015) . However, that study was limited in that it did not examine the relationship between children's pain memories following surgery and their actual experience of continued recovery-related pain to address the question of whether memories may relate to persistence of pain postsurgery. The influence of parents' memories of pain on children's subsequent pain experience has also not been examined, despite being posited as important in influencing parent-child interactions about pain and pain cognitions Noel, Palermo, Chambers, Taddio, & Hermann, 2015) . Indeed, other parental cognitions about child pain (e.g., parental pain catastrophizing) have emerged as important predictors of persistent postsurgical pain in youth one year following surgery .
The objective of this research was to examine the roles of children's and parents' memories of pain on their subsequent reports of continued postsurgical pain several months later. Using a dyadic analytic approach, we examined influences of pain memory on report of subsequent pain within individuals (actor effects) and between parent-child dyads (partner effects). Similar to previous research on children's acute procedural (Chen et al., 2000) and experimental (Noel et al., 2012a ) pain, we hypothesized that those youth who developed more negative pain memories after surgery would report higher levels of subsequent postsurgical pain, while controlling for initial pain reports. Likewise, we hypothesized that parents' pain memories would be related to their own reporting of their children's subsequent pain. Finally, given the posited role of pain memories on parent-child interactions about pain and pain cognitions , we tested the exploratory hypothesis that partner effects would occur wherein children's pain memories influenced parents' later reporting of child pain and vice versa.
Method
The data for this paper were collected as part of two larger longitudinal cohort studies examining psychological and behavioral predictors of postsurgical pain trajectories. The current paper examines a research question that is distinct from other published papers using parts of this dataset, which examined predictors of acute postsurgical pain (Rabbitts, Groenewald, Tai, & Palermo, 2015) , pain trajectories over a 1-year follow-up , and the role of pain catastrophizing in children's and parents' memories of postsurgical pain (Noel, Rabbitts, et al., 2015) .
Participants and Setting
Participants included 85 parent-child dyads enrolled in one of two longitudinal studies examining predictors of postsurgical pain at pediatric hospitals in the Northwestern United States (Seattle Children's Hospital; n ϭ 74) and Eastern Canada (IWK Health Centre; n ϭ 11). Ethics approval for this study was obtained from the institutional review boards (IRB) of Seattle Children's Hospital (Seattle, Washington, United States) and the IWK Health Centre (Halifax, Nova Scotia, Canada). These 85 parents and children were enrolled and provided written consent after being identified for eligibility from the surgery schedules at the respective sites over a 4-year period. Eligibility criteria included child age of 10 -18 years and undergoing major elective surgery (e.g., pectus repair, spinal fusion). These surgeries have been the focus of previous research on children's postsurgical pain (Connelly et al., 2014; Kotzer, 2000; Sieberg et al., 2013; Wong, Yuen, Chow, & Irwin, 2007) and pain memory development (Noel, Rabbitts, et al., 2015) .
Exclusion criteria consisted of an inability to speak English, chronic or complex health conditions such as cancer, neurodegenerative or neurological disorders, mental health conditions, or prior history of major surgery. Of the 85 dyads, 19 dyads were missing data from either the child or parent on one or more of the covariates, predictors, or outcomes. These data were missing due to either an inability to make contact with these participants within the time period allocated for participation in the memory study (i.e., between 2 and 4 months following surgery) or failure to complete assessments at one of the time points. Therefore, the final sample used for the analyses included 66 youth (68.2% female; M age ϭ 14.73 years, SD ϭ 2.01, Range ϭ 10 -18 years) undergoing surgery and their parents (91% mothers). These included 58 participants from Seattle Children's Hospital and 8 participants from the IWK Health Centre site. The majority (63.6%) of participants had a household annual income greater than $70,000/year. The majority (91%) of youth were white.
Procedure
There were four key time-points captured for the purposes of the present study: the week prior to surgery (Time 0; baseline), 2-6 weeks postsurgery (Time 1; pain assessment), 2-4 months postsurgery (Time 2; memory interview), and 4 -6 months post surgery (Time 3; pain assessment). At baseline, youth completed measures of catastrophic thinking about pain and pain intensity; parents completed measures of sociodemographics, parental cataThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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strophic thinking about child pain, and parent-report of child pain intensity (described below). The pain assessments conducted at Time 1 (2-6 weeks postsurgery) and Time 3 (4 -6 months postsurgery) consisted of parents and youth each completing a measure of the child's average pain intensity. Participants received a modest honorarium for completing these assessments. The memory interviews were conducted at Time 2 (2-4 months postsurgery; M ϭ 78.86 days, SD ϭ 15.96 days, Range ϭ 52-121 days) by a researcher via telephone. Time frames of one week to one year have been used in previous research on children's memory for pain (Badali, Pillai, Craig, Giesbrecht, & Chambers, 2000; Chen et al., 2000) . The individual assessment interval between Time 2 and Time 3 was not related to pain reports or pain memories.
Measures
Demographics. Information on race/ethnicity was obtained via parent report on a demographic questionnaire. Child age and sex were obtained from medical records.
Pain intensity-Child. Children rated their average pain intensity on an 11-point Numerical Rating Scale (NRS) ranging from 0 (no pain) to 10 (worst pain possible/worst pain you can imagine). NRS measures to assess self-reported pain intensity are deemed to be both valid and reliable for use with youth as young as 8 years of age (von Baeyer et al., 2009 ) and in the peri-operative setting .
Pain intensity-Parent. Parents' perception of their children's pain intensity was also rated using an 11-point numerical rating scale ranging from 0 (no pain) to 10 (worst pain possible/ worst pain you can imagine). The same NRS scale was used to assess parents' ratings of child pain intensity in previous research on children's postoperative pain (Rabbitts, Palermo, Zhou, & Mangione-Smith, 2015) .
Memory. Between 2 and 4 months following surgery, a memory interview was conducted with parents and children. To avoid biasing recall, parents and youth were asked to each complete the memory interview independently in a private space. Participants were asked to remember the levels of pain that youth experienced in the first few weeks after surgery. The memory questions were directly adapted from the NRS scales administered to parents and youth during pain assessments. Prior to answering each memory question, children and parents were first asked to remember when the child was at home in the first few weeks following surgery. The memory questions required them to rate the average level of pain intensity that they remembered that they/their child experienced during that time using the same 11-point NRS. These memory questions were used in a previous research study on pain memories following pediatric surgery (Noel, Rabbitts, et al., 2015) . Telephone interviews for research on children's memory for pain have been effectively conducted with children and adolescents (Lander, Hodgins, & Fowler-Kerry, 1992; Noel et al., 2012a; Noel, Chambers, McGrath, Klein, & Stewart, 2012b; Noel, McMurtry, Chambers, & McGrath, 2010; Zonneveld, McGrath, Reid, & Sorbi, 1997) .
Pain Catastrophizing Scale-Child and parent versions (PCS-C and PCS-P).
The PCS-C is a 13-item self-report measure that assesses children's catastrophic thoughts and feelings about their pain (Crombez et al., 2003) . The PCS-P is a 13-item self-report measure that assesses catastrophic thoughts and feelings that parents may have when their child experiences pain (Goubert, Eccleston, Vervoort, Jordan, & Crombez, 2006) . Items on both the PCS-C and PCS-P are rated on a 5-point Likert scale yielding a total score incorporating 3 domains: rumination, magnification, and helplessness. On the PCS-C, children rate the extent to which they experience each thought or feeling when they are in pain (When I have pain I feel I can't go on). On the PCS-P, parents rate the extent to which they experience each thought or feeling when their child is in pain (When my child is in pain, I feel I can't go on like this much longer). Lower scores indicate less rumination, magnification, or helplessness about child pain. The PCS-C and PCS-P have been found to have good validity and reliability in youth with pain (Crombez et al., 2003) and their parents (Goubert et al., 2006) . For the purposes of the present study, the PCS-C and PCS-P total scores were used as covariates in the analyses.
Data Analysis
All statistical analyses were conducting using Statistical Package for the Social Sciences (SPSS) version 19. Data were evaluated for accuracy, normality, and linearity; all assumptions for the model used were met. Preliminary analyses were conducted separately for parents and children to determine the interrelationships among pain catastrophizing, memory for pain, and pain intensity. As recommended by Kenny, Kashy, and Cook (2006) , Pearson product-moment correlations with dyad as the unit of analysis were conducted to examine the degree of nonindependence between parents and children on major study variables (see Table 1 , diagonal).
The Actor-Partner Interdependence Model (APIM; Kenny et al., 2006) was tested using Kenny (2014) macro for APIM with distinguishable dyads. This macro tests a standard dyadic design, using multilevel modeling to estimate the effect an individual's predictor variable has on his or her own outcome (actor effect), as well as the effect it has on his or her partner's outcome (partner effect), and vice versa. The APIM allows for testing of actor and partner effects while simultaneously estimating the residual nonindependence in outcome scores for both members of the dyad. Prior to performing these analyses, the independent variables and covariates were centered, and the data were restructured into pairwise format (Popp, West, & Kenny, 2006) . APIM analyses were based on 66 out of 85 dyads; 12 dyads were removed from the dataset prior to analyses based on one or more partners missing data on a covariate, and an additional 7 dyads had data missing on either the independent variable (pain memory; 2 dyads) or the dependent variable (5 dyads; see Kenny, 2014) . When examining demographic and other variables, participants who were excluded from the analyses due to missing data significantly differed from those included based on parental report of child pain at Time 3 (excluded: M ϭ 4.13, SD ϭ 2.47; included: M ϭ 2.00, SD ϭ 1.65; t(72) ϭ Ϫ3.24, p Ͻ .01). To determine whether replacing the missing data would meaningfully change the results, the analyses were also performed after mean imputing missing values. Because the overall pattern and statistical significance of the results and size of effects remained unchanged, the results of the original analytic strategy are reported.
Our model estimated the actor and partner effects of memory for child pain at home on perception of child pain intensity at 4 -6 This document is copyrighted by the American Psychological Association or one of its allied publishers.
months postsurgery. Parent and child pain catastrophizing and initial pain intensity ratings corresponding to each respective memory question were included as covariates in the models.
Results
Descriptive statistics for key study variables are presented in Table 2 . Moderate-severe pain (NRS Ն4; Gerbershagen, Rothaug, Kalkman, & Meissner, 2011; Voepel-Lewis, Burke, Jeffreys, Malviya, & Tait, 2011) was reported by 30% of participants at Time 3 (4 -6 months after surgery). Independent samples t tests and chi square analyses revealed that the two research sites did not differ on any of the demographic variables: child age, child sex, or child race (p values Ͼ .05). The majority (77%) of surgeries were elective spinal fusion for idiopathic spinal deformities (idiopathic scoliosis, spondylolisthesis, or kyphosis). Preliminary analyses revealed that youth undergoing spinal fusion recalled higher levels of pain during the memory interview (M ϭ 5.56, SD ϭ 1.93; M ϭ 4.29, SD ϭ 1.49; t(63) ϭ Ϫ2.29, p Ͻ .05), and their parents reported greater child pain at Time 3 (M ϭ 2.24, SD ϭ 1.62; M ϭ 1.21, SD ϭ 1.63; t(63) ϭ Ϫ2.09, p Ͻ .05) than children undergoing other surgeries (pectus repair or hip/femur osteotomy). In addition, parent (but not child) memory of child pain was related to the time at which the memory interviews were completed, r ϭ .26, p Ͻ .05. Nevertheless, when surgery type and timing of memory interviews (i.e., the number of days between the surgery and memory interviews) were entered as covariates in the models, the pattern of findings did not change. In addition, when child age was included as a covariate in the models, the pattern of results did not change. Given these patterns of results, we report analyses without these covariates.
Correlations Among Study Variables
A series of bivariate correlations showed that children's and parents' pain catastrophizing, memories for pain, and pain intensity ratings at Time 1 and Time 3 were positively related to each other (see Table 1 ). Child and parent pain catastrophizing at baseline was not related to their pain ratings 4 -6 months following surgery (p values Ͻ .05). Children's, but not parents', pain memories were related to subsequent reporting of higher pain intensity at 4 -6 months following surgery, r ϭ .36, p Ͻ .01.
APIM: Memory for Pain Predicting Pain Intensity
The APIM for distinguishable dyads was used to determine the dyadic effects of memory for pain on subsequent pain intensity. First, we estimated the association between an individual's memory for child pain at home and his or her perception of child pain intensity at 4 -6 months, while controlling for baseline pain catastrophizing and initial pain reports (see Figure 1 , actor effects). Consistent with hypotheses, there was a significant actor effect of memory for pain on subsequent perceived pain intensity for children (b ϭ .419, p Ͻ .003), and this was a medium effect size (␤ ϭ .415). No significant actor effect was observed for parents (b ϭ Ϫ.053, p ϭ .708). The difference between the two effects was statistically significant (p ϭ .027). These findings suggest that over and above baseline catastrophic thinking about pain and Note. There were four key time points captured for the purposes of the present study: pre-surgery (Time 0; baseline), 2-6 weeks post-surgery (Time 1; pain assessment), 2-4 months post-surgery (Time 2; memory interview), and 4 -6 months post-surgery (Time 3; pain assessment). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
initial pain reports, children's recall of higher levels of pain intensity in the acute recovery period at home (based on the memory interview) predicts higher levels of experienced pain intensity at 4 -6 months postsurgery. In contrast, parents' memory for child pain during the acute recovery period at home was not predictive of their own subsequent reporting of child pain at 4 -6 months. Next, we estimated the association between memory for child pain and partner's report of child pain intensity at 4 -6 months, while controlling for baseline pain catastrophizing and initial pain reports (see Figure 1, partner effects) . No partner effects emerged as significant. Parents' memory for child pain intensity was not associated with children's self-reports of pain intensity at 4 -6 months post-surgery (b ϭ Ϫ.165, p ϭ .252). Likewise, children's memory for pain was not associated with their parents' reporting of child pain at 4 -6 months (b ϭ .172, p ϭ .171; see Figure 1 ).
Post hoc Power Analysis
At the time of study conceptualization, a power analysis algorithm had not been specifically developed for the APIM. have previously recommended a minimum of 25 dyads to test for nonindependence. They further estimate a sample size of 80 dyads would have approximately 80% power to detect small to medium effects in the standard APIM model. Since this study was conducted, an experimental application has been developed to estimate power for the APIM with distinguishable dyads (Ackerman & Kenny, 2016) . Per this program, 60 dyads are needed to have 80% power to detect average actor and partner effect sizes of .25. Conducting a post hoc analysis of power using this program revealed 95% power to detect our significant actor effect. Exactly 2,313 dyads would be needed for the parent actor effect observed in our study to reach statistical significance. Exactly 225-244 dyads would have been needed for our observed partner effects to achieve statistical significance. We are thus confident that we achieved adequate power to detect meaningful actor and partner effects in our analyses (Ackerman & Kenny, 2016; Kenny et al., 2006) .
Discussion
This research is the first to examine the influence of both child and parent memories of acute postsurgical pain on subsequent pain experiences during recovery from major surgery. In line with our hypotheses and in keeping with previous research on children's acute procedural (i.e., lumbar punctures; Chen et al. (2000) and experimental (Noel et al., 2012a) pain, children's memories for pain following surgery were a strong predictor of their continued experience of postsurgical pain 4 -6 months later. Specifically, over and above child and parent catastrophic thinking about pain before surgery, and initial pain reports in the acute recovery phase following surgery, more negative child pain memories were associated with more intense postsurgical pain several months later. Contrary to our hypotheses, parents' memories of child pain were not predictive of their subsequent ratings of child pain, nor did children's and parents' memories for pain influence each other's subsequent pain reporting. Given that pain memories were found to predict pain during a time when persistent postsurgical pain can develop, these findings suggest that pain memories could be a contributing factor for the transition from acute to chronic postsurgical pain in children.
The findings of this research are consistent with previous research on children's pain memories. In both needle and experimental pain contexts, and among youth with and without chronic illness (cancer), more negatively biased memories for pain predicted more pain and greater distress at subsequent pain experiences (Chen et al., 2000; Noel et al., 2012a) . Youth with higher levels of anxiety were more likely to develop negatively biased pain memories (Noel et al., 2012a) . The current findings are an important extension of this previous work by showing that once youth develop pain memories, they may influence subsequent recovery from pain following surgery. Moreover, given that none of the youth had previously undergone major surgery, this study examined the development of novel pain memories. Converging evidence across samples experiencing different types of pain in different settings underscores the robustness of the effect of children's pain memories on subsequent pain experience. Nevertheless, the pediatric surgery context is particularly unique in that evidence suggests that some (15%) youth will go on to develop chronic pain up to several years later (Sieberg et al., 2013) , thereby enabling examination of factors involved in transition to a chronic state. Conceptual models of chronic pain suggest that the influence of pain cognitions and behaviors (of the child and parent) changes as pain becomes chronic and entrenched over time (Asmundson, Parkerson, Petter, & Noel, 2012) , and developmental changes in pain memory development have been proposed . Surprisingly, very little research has examined explicit autobiographical pain memories in youth with chronic pain; as such, it is unknown whether memories and their influence would be different in this population and along this spectrum of pain.
Existing memory studies in chronic pain have used word stimuli (pain related sensory, affective, and neutral words) in youth with arthritis, which revealed a pain-specific bias (Koutantji, Pearce, Oakley, & Feinmann, 1999) . Similarly, retrospective ratings of pain complaints in youth with abdominal pain (Chogle et al., 2012) , headache (van den Brink, Bandell-Hoekstra, & Abu-Saad, 2001), and arthritis (Stinson et al., 2014) , yielded equivocal results (i.e., some studies indicated a tendency to overestimate pain whereas others suggested that youth underestimate their pain). None of these studies examined the influence of pain memories on subsequent pain experience. Future work is needed to add further support to understanding the role of pain memories on subsequent experience of chronic pain in children.
These findings can be contextualized within a developmental framework. Although children's memories influenced their own subsequent reporting of pain at 4 -6 months following surgery, parents' memories of child pain were not predictive of subsequent pain reports of their postsurgical pain. Contrary to our exploratory hypothesis, the dyadic analyses did not reveal partner effects. The lack of parental influence on subsequent pain reporting may be due to the fact that the vast majority of youth in our sample were adolescents, a developmental period marked by increasing autonomy from parents (Piaget, 1973) . Indeed, developmental frameworks of pain memory development in childhood position parental influences (e.g., cognitions, parent-child interactions) on child pain as being most important during the preschool and early school-age years and then diminishing in importance relative to peer influences by adolescence . These findings are also consistent with those found in the pediatric stress literature. Although parents have been shown to This document is copyrighted by the American Psychological Association or one of its allied publishers.
modulate the stress responses of infants and children, they have limited effect on the stress responses of adolescents (Doom, Hostinar, VanZomeren-Dohm, & Gunnar, 2015; Hostinar, Johnson, & Gunnar, 2015) . In addition, research suggests that parenting responses change as pain becomes chronic, increasingly resembling parenting that is indicative of younger developmental stages (Jordan, Eccleston, & Osborn, 2007) . It could be that the influence of parents' pain memories is stronger among youth who develop postsurgical pain problems versus the majority of youth who experience a resolution, or relatively lower levels, of pain over time. Future longitudinal research is needed to determine the relative importance of parent factors on children's postsurgical pain and at which point(s) on the pain trajectory these factors exert their greatest influence. Children's pain memories are a modifiable intervention target that could alter pain trajectories, reducing pain after surgery. Pain memories are fragile and have been shown to be susceptible to manipulation through postevent information (Bruck, Ceci, Francoeur, & Barr, 1995; Chen et al., 1999; Marche et al., 2016; Pickrell et al., 2007) . In the context of needle procedures (e.g., lumbar punctures, anesthetic injections, vaccine injections), brief memory reframing interventions that involve discussing past painful events with children in more positive/accurate ways have been shown to reduce pain and distress at future procedures (Bruck et al., 1995; Chen et al., 1999; Noel, McMurtry, Pavlova, & Taddio, 2017; Pickrell et al., 2007) . Moreover, a recent experimental study showed that having children recall positive details of a pain memory led to enhanced forgetting of the memory's negative aspects (Marche et al., 2016) . Children in this study who had a greater ability to forget negative aspects of the pain memory were less anxious prior to an experimental pain induction (cold pressor) task (Marche et al., 2016) . Taken together, this suggests that brief language-based interventions designed to reframe children's pain memories to be more positive/accurate or that facilitate forgetting of its negative aspects can alter subsequent pain experience. To our knowledge, pain memory interventions have not yet been developed for the management of children's postsurgical pain but could offer promise for altering postsurgical pain trajectories, particularly among those at risk for developing negative memory biases. In addition to pain memory reframing interventions, there is some evidence that pain management interventions (e.g., topical anesthetics, distraction) may buffer against the development of negative biases in pain memories following vaccine injections (Cohen et al., 2001) . Indeed, pain is a robust predictor of pain memory development (Noel et al., 2012a; Noel, Rabbitts, et al., 2015) . Thus, interventions that target children's initial pain experience in addition to subsequent memory biases are likely to be most efficacious in reducing postsurgical pain.
This study had limitations that can be addressed in future research. Assessment of pain memories only included the sensory (i.e., intensity) aspect of the pain experience and was limited to use of a single-item pain measure. Like the experience of pain, pain memories are multidimensional and include sensory, affective, and contextual aspects of the original pain experience (Ornstein, Manning, & Pelphrey, 1999) . Future research should assess these various aspects of the pain memory and also incorporate assessment of free recall (i.e., a narrative of the recalled event that is elicited using open-ended prompts) to provide a richer, multifaceted account of what is remembered following surgery. Given that the data were collected across two sites, there were methodological (e.g., timing of assessments) and clinical (across patients, providers, and sites) differences that could have introduced noise to the data. On the other hand, significant results across these different contexts can also provide more confidence in the robustness of the memory-pain relationship and increase generalizability of the findings. Indeed, the relationship between children's pain memories and subsequent pain reporting was a strong finding (i.e., medium effect size) that mirrors research on acute pain found across children, adults, and animals (Chen et al., 2000; Gedney & Logan, 2006; Noel et al., 2012; Williams, 2016) . This study did not examine moderators or mediators of the memory-pain relationships. Future research should examine factors such as daily functioning (e.g., school participation, engagement in social activities), sleep, and emotional functioning/mood, which may shed light on the linkage between children's memories and subsequent pain experience. Moreover, measures of catastrophic thinking about pain were not administered across the various time-points. Future research should examine the relationship between changes in pain beliefs and pain memories following surgery. In addition, we assessed parents' memories of their children's pain. It is possible that parents' memories of their own emotional experience surrounding their children's surgeries may influence their interactions with their children and their children's subsequent pain experience. Similar to previous research on children's memory for pain, we did not assess children's current pain experience during the memory interview; therefore, it was not possible to separate recalled and current pain. The majority of participants reported a household annual income of greater than $70,000 per year, children were predominantly white and female, and the majority of parents were mothers; as such, investigation of similar processes in more diverse populations is warranted, and one should hesitate before generalizing these findings to more diverse populations. Finally, although there were very few missing data and the missing data that were in the dataset were spread over several different variables, parents who reported higher child pain at Time 3 were more likely to have missing values. They (and their children) may be underrepresented in the sample; consequently, our sample and results may not include children experiencing the full range of postsurgical pain responses.
Future research is needed to shed light on the development of pediatric postsurgical pain and the relative influences of pain memories on trajectories of risk and resilience in these youth. Children's pain memory development is dynamic and strongly influenced by cognitive and social development . As such, future research should examine postsurgical pain memories at different stages of development. It has been suggested that parent-child interactions about pain (e.g., pain narratives) following surgery, particularly for younger children, may play an important role in children's pain cognitions and pain experiences Simons & Sieberg, 2015) . Parentchild language-based interactions about pain have been shown to strongly influence children's memories for and coping with other kinds of stressful events, including injuries (Peterson, Ross, & Tucker, 2002) , and may be a more proximal predictor of children's pain memories and postsurgical pain experience. In addition, the stability of pain memories is unknown. It could be that, like is observed in the PTSD literature, pain memories become less distressing over time for the majority of youth. Repeated assessThis document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. ment of pain memories over longer periods of time is needed. In addition, we assessed pain memories at one particular time point (2-4 months following surgery), and these memories were anchored to pain that youth experienced during the acute recovery phase at home. It is possible that memories assessed closer to the time of surgery and that are tied to the in-hospital time period are most susceptible to distortion.
In conclusion, this is the first study to show that children's memories of pain following major surgery influence their subsequent experience of postsurgical pain. Over and above baseline catastrophic thinking about pain and acute postsurgical pain intensity ratings, youth who remembered pain in a more negative way went on to experience more intense postsurgical pain 4 -6 months later. Parents' memories did not influence subsequent pain reporting, suggesting that children's cognitions may be the most important intervention target during the postoperative period for this age range. The current findings point to children's pain memories as one potential mechanism that may underlie the persistence of pain; however, future longitudinal research is needed to further disentangle this relationship. Given the increasing prevalence (King et al., 2011) and burden (Groenewald, Wright, & Palermo, 2015) of pediatric chronic pain and its adverse impact on mental and physical health into adulthood (Noel, Groenewald, Beals-Erickson, Gebert, & Palermo, 2016; Shelby et al., 2013) , this research could inform the development of cognitive-behavioral interventions to alter this course.
